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Effect of Cortisons on the Course of the Infectious Process in
White Mice Infected with Pathogenic Microorganiml)

By G. V. Yushochenko, M. P, Tereshchenko, R. V. Kovaleva,
T+ No Ponomareva, N. S. Ogneva, and L. V. Rodkevich

Central Antiplague Observation Station of the
Ministry of Health USSR

(Received by editors 19 April 1960)
pages 13L4-338

Tt is oconsidered as an established fact that cortisone reduces the

. natural resistance of the organiam of infections by inhibiting its pro-

tective mechanisms, In animals which had received cortisone the course
of infection is characteriged by a greater dissemination of microorgan-
isms within the organism, reduction of the inflammatory reaction, and a
higher lethality rate (for swmary of the date see Zil'ber, 1958}, An
opinion has been advanced that white mice treated with cortisone can be
employed for biotests in exsminations for the presence of the plague in-
fection, especially in cases where the causative agent is contained in
the material in small quantities or possesses low virulence (Blyakher,
1958; Ter-Vartanov and coauthors, 1959).

Shtel'man (1960) employed cortisons-treated white mice for the
elicitation of experimental plague infestion in the organism of meridi-
onal gerbils. Upon examination of gerbils infected with a highly viru-
lent strain of Past. pestis (Dclm for guinea pigs comprised 100 mioro-
bial cells), only a slight shortening of death periods was observed in
the experimental animals, as comparsd with the death of control mice
which had not been treated with cortisone. Upon infection of gerbils
with a less virulent strain (Dolm for guinea pigs equals 500 microbial
cells), the number of positive findings in the experimental animals was
somewhat higher than in controls which had not been treated with corti-
sone. Howaver, one case was observed where the culture could be iso-
lated only from a white mouse which had not received cortisone. The
author points out that seedings on the nutritive media of the organs of
perished and killed cortlsone-treated mice grew an alien microflora
more often than in the case of contrel animals,

Xozakevich and coauthors (1960) noted an increased sensitivity to
pPlogue infection in suslilee itregted with cortisone. Brande reported an

1) The work was carried out under the direction of N. G. Olsuf!yev
and reported on 9 April 1960 at the Scientific Conference of the
Central Antiplagus Station.




j(,nczgx)ase of sensitivity to brucellae of cortisons-treated white mice
19 . . : .

We set ourselves the task of corroborating experimentally oen white
mice the cortisone effect in a mumber of bacterial infections, in order
to ascertain in what cases its administration to animals for a biologi-
cal test may improve or accelerate the laboratory diagnosis of these
infections.

. The strains of causative agents of plague, tularemia, pseudotuber-
culosis, pasterellosis, listerellosis, erysipeloid, and mouse paratyphoid
were used in this investigation. We emplpyed not only recently-isolated
fully virulent strains, but also strains with reduced virulence as well
as artificlally attenuated cultures.

. Tests were carried out on white mice weighing 16 to 18 grams. In

the processing of mice we used a French preparation of cortisone acetate
of the Roussel firm, According to the plan suggested by Blyakher, we
determined the optimal cortisone dose of five mg which corresponded to
0.2 ml of the preparation. Cortisons was administered to the animals
intramigcularly four hours prior to the experiment. At the end of this
period the animals received subcuta.icously a suspension of a L8=houn
culture of tularemic or plague microorganisms, or a diurnal (18 to 2j
hours) culture of other causative agents in various doses, depending on
the virulence of the strain., Each dose was usually given to a group of
five animals. Similar doses were injected simultaneously to control
animals (i.e., not treated with cortisone).

The density of the initial suspension was determined according to
the optic standard of the State Control Institute, and were subsequently
diluted 10, 100, eto., times, As control of the correct dilution of the
cultures, served seedings of low dilutions (1, 10, and 100 microbial
cells) on artificial nutritive media, with the count of grown colonies.
The tularemic cultures were excepted, since for the purpose of control
they had not been seeded.

The diagnosis on perished animals was made on the basis of patho-
logoanatomical changes in the internal organs, results of bacterioscopic
examination, and isolation of the initial culture by means of seeding.
Observation of experimental animals was carried out for three to four
weeks, after which the survived animals were killed, dissected, and
their internal organs examined.

A totel of 20 sirains of various hacteriel spe
gateds 1163 white mice were used in the experiments.

*
cice was investi-~

Upon testing of four strains of Past. pestis recently isolated from
rodents at the infection nidus, only slight varistions were noted in the
number of plague~killed white mice which had been treated with cortisone
as compared to the untreated ones. Of LO animals of the first group,




infected with doses of one and ten microbial cells of the above-

- mentioned strains, 19 died of plagus, and from the same mmber of ani-

mals of the second group =~ 1l died (Table 1), This difference cannot,
however, be considered relisble since, upon testing with No 2212 and No
321 strains, less experimental mice perished than controls. We did not
nse the dose of 100 microbiel cells in these experiments (with the ex-

ception of strain No 926), becsuse it was found that it was absolutely

lethal to white mice even without cortisens. :

. Upon seeding of dishes of nutritive media with a suspension con-
taining (as per caloulation) ten microbial cells, two to six colonies
grow, and upon seeding with a suspension of 100 microbial cells -~ 26
to U1 colonies of the plague bacillus were counted.

Table 1
Effect of cortisone upon infection of white mice with
virulent or vaccine strains of Past. pestis
. Mumber of mie Virulent stradhs ' BV vacaime
erobial cells LXC YT M 32 M 256 .a'brdnl’
in the dose, ' i ' ' ' 1 “g' A\ ! A '
Bl 11 1141 L LR ERT
: E'Eo Bo 8 BowuB83IFS E'g 58 HHS3|Ne
1 5/216/3 |6/t 18/t |81 |60]|6/01]52]| — -—
10 B/2 | 5/6 | 5/3 | 6/2 | 6/5 | 54 | 8/0 | 5/2 — —_
100 6/6 | 5/5 -— - -— — —_ — | 8/0 | 2/0
1 000 - - —_— — - - - — | 6/0 | 5/2
10 000 - — - - - —_ — — | 5/1 | 4/2
1 million - -— —_ — — - - — { 5/1 ] 5/8
10 » -l =l =l =1 =1=1=1="1_42]s8ss5
100 » — —_ — - - —_ —_ —_ 6/5 | 5/8 -
Total -+ - » | 16/9 [16/13| 10/4 | 10/3 | 10/6 | 1074 | 10/0 | 10/4 | 34/9 | 30/23

Designationss numerator =~ mmber of experimental animals; denominator
== mumber of perished animals (the animals which had
died of other causes are excepted).

4% . 8

As regards the Lime of death of the mice, upon inoculation of one
and ten cells, no shortening of its period was observed in cortisone-
treated animals; after inoculation with one microbial cell the experi-
mental mice died within four to nine days, controls -~ within three to
sixs after a dose of ten miorobial cells they died, respectively, with-
- in four to ten and four to seven days. But after a dose of 100 micro-

bial cells the experimental animals died a day sooner than controls.




T Thess dsta indicate that white mice were highly sensitive to the
. . -viralent strains of Past. pestis recently isolated from the infestiom
" umidus, and that cortisone had no swbstantial effect on the results.

| ol
" Effect of cortisone, wpon infectiom of .

vhite mice with virulent or vascine
straine of Pastewrells tularensis

2 ‘ 5
~ Nuwber of mi~ W
ocrobial cells T
"4n the dose,
upon infection 3 p
158138
0.1 18/11[13/10| —| —
1 10/10] 1010} 8/0 | 5/1
10 | — | — | 5115/8
100 — | — | B/1] 54
‘1 000 - | - | B/3 | 5/8
A
- 1zilldon - | = | 5/2 1| 6/8
Total . . . |25/21|23/20]38/13| 35/30
| )

An sppreciable inorease of sensitivity under the effect of corti-
sone was observed upon testing of the plague vaccine EV strain, which
coincides with the data of Payne and Larson (1955), Girard (1957),
Blyakher (1958), et al. In our tests, upon infection of white mice
with doses from 100 to 100 million microbisl cells, of 30 experimental
mice 23 died, whereas of 3k controls -~ only nine. Tne experimental
mice died, on the average, two days sooner than controls.

Upon testing of a fully virulent strain of Past. tularensis (No 9),
no increased sensitivity of white mice was noted following administra-
tion of cortiszone., The number of tularemia~killed animsls, upon their
infection with O.1 and ons micrebial eall. prowed ¢2 bz 4dsatisal ia the
experimsntal and control groups (Table 2). :

It should only be noted that cortisone~treated animals died, on the
averags, a dey sooner than controls. Upon inoculation with the 15-
roduced Gayskiy vaceine strain, a marked increase of sensitivity was
elicited in cortisons~treated mice, as compared with the untreated ones;

b




death of the animals from doses of one te one million microbial oslls
vwas smmarily twice as high in the first group than in the second one,
and the experimental animals died a few days earlier than contrels.
Four pseudotuberculous strains were then tested, including two viru-
lent (recently-inelated frem wild rodents), one =- with reduced virue
lence, and one -- gn avirulent strain. In all cases a noticeabls in-
ereass of sensitivity of white mice was cobssrved under the effect.of
cortisons (Table 3). Upon testing of a fully virulent strain No 1lkk,
all experimental animals perished sven from a doss of ten microbial
cells, vharsas in the control group the smallest absolutely lethal '
(Deln} comprised 100,000 microbial cells. Strain No 2216 with reduced -
virulence caused in corresponding doses (from one to 100 willion mi-
crobial cells) the death of 80% of experimental animsls as against 12%
in the control group. GCortisone-treated mice died of pseudotubercu~
losis faster than comtrols. In particular, upon administration of
such doses. as 10,000 or 100,000 microbial cells, the difference in
the death periods reached three to seven days. From the avirulent

- atrain No 2413 in the eontrol group all mice survived, including those
inoculated with & dose of one billion microbial cells, whereas of L5
experimental mice 11 died of pseudotuberoculosis.

Table 3

Effect of cortisons upon infection of white mice
with strains of the pseudotuberculous bacillus
of various degrees of virulence

. “Virulent strains |3tr th ve~ |  Avirgleat

Number of mi- » U N4 guce ovgfzeme'atrain No 2413
crobial eelle |— — : =

in the dose, ﬁ.h i "gig‘ L B 4 ‘5",* L

won tnfection \SE@iak 8 e (95e) dh g | aig | 318 g
B A B R .'ﬂon_ Bon | oD

| g0 | s2 | an | s | s | 50 5/0 5/0

10 /3 | 5/6 | 3/0 | 6/3 | /0 1/0 5/0 5/0

100 63 | 675 | 371 | 6/5 | 470 3/3 5/0 5/0

1 000 4/3 | 5/5 ]| 3/1 | 574 | 510 5/4 5/0 5/1

10 000 5/3 | 5/5 | 3/3 | 5/5 | /1 54 5/0 5/0

100 000 8/5 | 5/5 | 3/2 | 5/5 | 5/1 a4 5/0 5/4

i milldon} 5/56 | 6/5 | 3/2 | 675 | 4/ 5/5 5/0 5/1

10 » ... 1.8/5 |55 |33]s5] 40 5/5 50 5/3

10 “T's/pm 1 5/5 1 3/3 185 8/ 5/8 /0 A2
Total . . . |44/32|45/42[27/16 45/33' 42/5 \ 38/30 \ 45/0 | 45/11

Designations: the same as in Table 1.




" The authors also tested three Iisteria strains, two Past. mul-
tocida strains, two strains of erysipelotrix (variant suis), and two
slamonella strains. The majority of the strains were fully virulent,
and were used shortly after their isolation from rodents caught in
the city. But one Listeria strain (No 16383) was of reduced. virulence
to white mice, and ome Pagt. multocida strain (No 2098) was almost
avirulent. The results of tests with these causative agents were:
identical with the results obtained with the pseudotuberculosis mioro-
organism. In all cases, an incrpased sensitivity of mice to infection
was observed following administration of cortisone, which could be
Judged by the change in the minimal lethal dose (DIm) and minimal ab-
solutely lethal dose (Dolm) of a given causative agent injected to the
animals. Thus, for instance, upon testing on cortisone~treated mice

. of the fully virulent strains of any employed agents, the Dlm com~

prised only one microbial cell, and Dolm -~ ten microbial cells (upon
testing of No 3157 strain of erysipelotrix, the Dolm proved to be equal
to one microbisl cell). In ocomparison with the test data om control

" animals, 4t represented a reduction of corresponding lethal doses

equalling ten or 100 fold, and in some cases -~ 1000 and 10,000 fold
(Iisteria strains No 94k and 1970). Upon testing of a Listeria strain
with reduced virulence, its Dlm under cortisone processing decreased
from ten million to 100 microbial cells, and Delm ~- from one billion
to 100,000 wmicrobial cells. Hence, cortisons~treated mice became as
sensltive to this strain, as control mice to the fully virulent Lis-
toria strains. The nearly avirulent Past. multocida strain No 2098

" caused the death of cortisone-treated mice following injection of one

hilllon and 100 million mieroblal oells, whereas part of the animals
porished from ten million microbial cellsy in the control group only
two mico out of five died after a dose of one billion, and all animals
which had received -smaller doses survived, The death periods of mice
frow listerellosls, erysipeloid, and other infections were shorter
under the effect of cortisone; this was particularly noticeable when
moderate and small doses (1000 to 100,000 microbial cells) of lister-
21la and salmonella cultures had been administered.

Thus, cortisone considerably increased the sensitivity of mice
to ivfecilons to which these animals, when not trested with cortisone,
ad wanifested a moderate or reduced sensitivity. Their increased
senedtlvity fo these infections was expressed not only in the reduc-
Hion ot the Delm, but also in the shortening of the period of dis-
ranlngcion of their organs and tissues with the corresponding causa-
Sive asunhs ~- 4 fact which facilitated and accelerated the labora-~
Loy alimosise  All this indicates the expediency of the use of
Gitnis e J'or the processing of mice emnloved in hiologisal tests

Jducing oxaminations for listerellosis, pseudotuberculosis, and other

e tions to vhich white mice do not manifest an absolute sensitiv-

s
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In analogous manner cortisone markedly increased the sensitivity
of white mice to the vaccine strains of the plague and tularemia
microorganisms and, hence, in a number of cases this preparation can

be used in experimental work.

As regards the fully virulent cultures of plague and tularemis
agents to which white mice manifest very high sensitivity even without
cortisone, the administration of this preparation in our experiments
either caused no rise in the lethality rate (tularemia), or slightly

modified it (plague). :

In order to ascertain the expedlency of using cortisone-treated
white mice in blologlcal tests for plague of rodenis under natural

conditions, we carried out corresponding control tests in 1958 in
Guryevskaya Oblast (Kovaleva and Ponomareva).
out in the plague nidus during an eplzooty among rodents.
caught in traps or snared, were examined.

The work was carried
Animals,
In the majority of casges

they were gerbils (Rhombomys opimus), and less frequently -- house
mice (Mus musculus), in a few cases -- small susliks (Citellus pyg-

maeus) .

The material (pleces of spleen and liver) from the rodents

was triturated, weighed and then injected in a physiological solution




subcutaneously into a white mouse which had been treated with corti-
sone (according to the same method which has been used in the above-
desoribed experiments), and simultaneously into another mouse which
had not been given cortisone. We ware unable to follow the sugges-
tion of various suthors (Blyakher, 19583 Ter-Vartanov and coauthors,
1959) of using for each analysis five to ten cortisone-treated mice,
since it was impossible to carry it out technically under conditions
of practical work in the epidemic foous. Neither did we use the
intravenous method of the injection of the material, as suggested by
the same authors, becausa this would have considerably increased the
death rate of the snimals from an alisn flora, since the material for
examination was not always supplied in a fresh state.

A total of 151 double biotests were carrded out during the period
from April to July. Six mice untreated and five treated with corti-
sone died of plague. Cultures of the causative agent were isolated
from all animals which had died from plague, It should be pointed out
that the seedings from dead cortisone-~treated mice were often contam-
inated with alien microorganisms ~- a fact which somewhat hampered the
bilotesta, These data coinoide with Shtel'man's observations (1960).
In all our analyses the death from plague of cortisone-treated mice
coincided with the death of the untreated ones, with the exception of
one case when a cortisone-treated mouse survived, and an untreated one
died of plague on the 7th day. The death periods of the cortisone~
treated mice were: in one case identical to the death perioed of the
control animaly in three cases they were ahead by one to two days, and
in one it was retarded by 24 hours. Positive results were obtained in
three cases. from large gerbils and in three ~- from house mice.

As a result of thess examinations, no particular advantages were
elicited of the laboratory diagnosls of plague in wild rodents upon
the use of cortisone-treated white mice for biological tests.

Conclurions

1. Under experimental conditions cortisone considerably increased
the sensitivity of white mice to pseudotuberculosis, listerellosis,
pastcrellosis, erysipelold, and salmonellesis; therefore, cortisone-
treated white mice can be correspondingly employed as a very sensitive
biotest in carrying out corresponding analysea,

2. Cortisone markedly increased the sensitivity of white mice to
the vaccine culture of plague and tularemia microorganisms and thue
can pe utilized in individual experimental investigations.

3. In exporiments with highly virulent cultures of tularemia and
plague microorganisms, to which white mice are highly sensitive even
without cortisone, no further increase has been observed in the senesi-
tivity of animals to infection (tularemia), or their sensitivity in-




creased only slightly (plague).
Lo Upon exsmination of wild rodents in their natural plague nidi,

no advantages could be elicited from the use of cortisone-treated mice
for biologlical iests. : '
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SUMMARY
Effect of Cortisone on the Course of the Infectious Process

_in White Mice Infected with Pathogenic Microorganisml)

By G, V. Yushchenko, M. P. Tereshchenko, R. V. Kovaleva,
T+ N. Ponomareva, N. S. Ogneva, and L. V. Rodkevich

* Central Antiplagus Observation Station of the
Ministry of Health USSR

(Received by editors 19 April 1960)

It is considered as an established fact that, in inhibiting the
protective mechanisms, cortisone reduces the natural resistance of the
‘organism to infections. In animals which had received cortisone the
courge of the infectica is characterized by greater dissemination of
the microorganisms within the organism, reduction of the inflammation
reaction, and a higher lethality. An opinion has been advanced that
white mice treated with cortisone can be used for biotests in examina-
tions for the presence of plague infection, especially in cases where
the cavsative agent is found in small quantities in the tested mater-
1al or possesses low virulenoca.

The authors get themselves the task of verifying experimentally.
on white mice the effect of cortisone in a nuwber of bacterial infec-
tions, in order to clarify the quesition as to the cases where its ad-
ministration to blologically tested animals may improve or accelerate
the laboratory diagnosis of these infections.

The strains of causative agents of plague, tularemia, pseudotu-
berculosis, pasteursllosis, listerellosis, erysipeloid, and mouse
paratyphoid were employed in this investigation. Recently-isolated,
fully virulent strains were used, as well as strains with low viru-
lence and artificially attenuated cultures,

Meperimonts were carried out on white mice weighing 16-18 grams.
e Froneh proparation of cortlsone acetate of the Roussel firm was
wed. Cortisone was administered to mice intramuscularly four hours
prior to the test, At the end of this perlod the unimals were in~
Jucted swbcutansously wilth a suspension of a LiB-hour culture of the
iodaremic or plugue bacillus, or a diurnal (18-24 hours) culture of
sthes couuative agents in varlous doses, depending on the virulence
o Lhe strain.

B A e A SR B - Y WP

1) Tae wok was carried out under the direction of Ne G. Olsuf'yev
ard reported on 9 April 1960 at the Scientific Conference of
the Conbral Antiplague Station.

10



A total of 20 strains of various bacterial species were studied.

The data obtained indicated that the mice were highly sensitive
to recently isolated virulent strains of Past. pestis, and tha.t corti-
sone had no substantial effect on the resultis. }

An appreciable increase of sensitivity under the effect of corti-
sone was observed upon the testing of the plague vaccine strain EV.
Upon testing of a fully virulent strain of Past. tularensis (No 9), mo
increase of sensitivity was noted in the animals following administra-
tion of cortisone.

Four pseudotuberculous strains were tested: two virulent ones
(freshly isolated from wild rodents), one with reduced virulence, and

one - an avirulent strain. In all of them, an increased sensitivity

was noted under the effect of cortisons.

The authors also tested three Iisteria strains, two Past. multo-
cida strains, two erysipelotrix strains, and two salmonella strains,
The results of tests with these causative sgents were identical with
those obtained with the pseudotuberoculosis mioroorganism. In all
cases, an increased sensitivity of mice to infectlon was noted follow-
ing administration of cortisone.

Thus, cortisone considerably increased the sensitivity of mice to
infections, whersas non-treated animals usually manifested only a mod-
erate or low sensitivity. The enhanced sensitivity was expressed not
only in the reduction of the minimal absolutely lethsl dose (Dclm) but
also in shortening of the period of seeding of organs and tiasues with
appropriate causative agents, which thus facilitated and ascelerated
the staging of a laboratory diagnosis.

This preparation can be employed in a number of cases aa & blo-
test, since it sharply increases the sensitivity of white mice to vac-
cine straine, including those of plague and tularemia microorganisma.
As regards fully virulent cultures of plague and tularemias, to which
white mice manifest high sensitivity even without cortisone, the ad-
minlstration of this preparation by the authors caused no inorease in
mortality (tularemia) or modified it but slightly (plague).

. Rodents (Rhombomys opimus, Mus musculus, and in a few instances
Citellus pygmaeus), were investigated under natural nidi conditions
during an outbreak of plague epizooty among them, for the purposs of
wvarifiaation of the exnedi ancy of naing cortisone-~trastad white mina
for blological tests. The results of these tests showed no partiocular
advantages of the laboratory diagnosis of plague in wild rodents in
using cortisone-treated white mice for biologlcal testis.




Conclusions

o prrmotmannrs e

N
)

~
1. Under experimentsal conditions cortisone considerably inecreased
the sensitivily of vhite mice to pseudotuberculosis, listerellosis,
pasteurellosis, erysipeloid, and salmonellosiss therefore, cortisone-
treated white mice can be enployed a3 a very sensitive biotest in carry-
ing out eorresponding a.nalysoa. P

2, "Gortisom markedly increased the sensitivity of white nioo to
the vasceine culture of plague and tularemia miorcorganisms and thus,
can be utiiized :Ln :l.ndiv:tdual exporinental inwstigatiom. >

3. expermnts with highly virulent tularemis and plague oul-

‘tures, to which white mice are highly sensitive. even without cortisons,

no further incresse has been observed in the sensitivity of animals to

infection (tularemlia), or their sensitivity inoreased only alight]y
(plagua). b

' .
hr\lﬁ.xm examination of wild rodents in the natural plague nidi,

no advantages could be elicited from the use of cortisons-treated white
mlee for biologioal tests.

END
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